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Soil-plant relationships on Craig Breidden refer to situations in which shallow, non-calcareous deposits such as loess, clay-withflints or decalcified material overlie chalk or limestone (see Grubb, Green & Merrifield 1969) . No such zonation of soils exists on the cliffs of Craig Breidden. This paper records an attempt to relate to soil properties the distribution and the composition of the plant communities of the southern and western cliffs of Craig Breidden, as defined by a sociological sorting system (sensu Braun-Blanquet 1964). 
MATERIALS AND METHODS

Vegetation recording
Soil collection
Soil samples were collected, at the time of the vegetation recording, from three positions within each quadrat. At each of these positions a surface sample (0-8 cm) and, unless underlying rock prevented further excavation, another sample from a depth of 9-30 cm were collected and field characteristics such as colour and texture were noted. Each sample was air-dried at 35-45? C, sieved to pass a 2-mm sieve and stored prior to analysis.
Soil analysis
Measurements of pH were made on a 1: 2-5 suspension of soil in distilled water with a combined platinum/glass electrode and a portable pH meter. Exchangeable cations were extracted with neutral, N ammonium acetate and then determined directly in the extracting solution, potassium and sodium by atomic-emission spectrophotometry, and calcium and magnesium by atomic-absorption spectrophotometry (MacPhee & Ball 1967) . Exchangeable aluminium was extracted with N KCl and, following the method of Chenery (1948) , determined colorimetrically. Phosphorus was extracted from the soil with concentrated HCl, before and after the destruction of organic matter by ignition, to give estimates of inorganic and organic phosphorus (Legg & Black 1955) . Phosphorus in the HC1 extracts was determined colorimetrically after the formation of a phosphomolybdate complex. Organic matter was determined by ignition for 24 h at 350? C. Clay (effective diameter <2 gm) and silt (effective diameter 2-20 gm) were determined by the pipette method following the dispersal of the clays with sodium hexa-metaphosphate. Sand fractions were separated by sieving. All the data presented are means for particular quadrats.
RESULTS AND DISCUSSION
Vegetation types
The vegetation of the cliffs and screes of Breidden is complex but the use of traditional S. C. JARVIS 723 phytosociological techniques made possible at least crude divisions within the vegetational complex. It should be emphasized that the vegetation table (Table 1) contains many irregularities which would not be included in a true phytosociological system. However, although the intention of the study was to provide an ordering of the Breidden vegetation per se, it was possible to make comparisons between the groupings and described European systems (S. C. Jarvis & C. A. Sinker, unpublished).
Three major, overlapping groupings were differentiated in the final vegetation table and a brief description of these follows. Group 1 (releves 3a-21 in Table 1 ) is diffuse but Rubus fruticosus agg., Solidago virgaurea and Viola riviniana are characteristic and present in most of the releves, with a dense bryophyte community. This group represents a scrub or woodland-edge community and is probably a member of the class TrifolioGeranietea. The group may be divided (into subgroups la and Ib) on the presence or absence of Geranium sanguineum and Origanum vulgare. Present throughout the whole of this group are Calluna vulgaris, Erica cinerea and other calcifuges.
The second group (releves 21-36 in Table 1 ) differs from the first in having few tree or shrub species and, with the possible exception of Helianthemum chamaecistus, no calcicoles. The group is characterized by the presence of winter annual species (Aira praecox and Teesdalia nudicaulis) and by high cover/abundance scores of Hieracium peleterianum.
The third grouping (releves 37a-29) overlaps the first two and is differentiated by the presence of Lychnis viscaria, Umbilicus rupestris and Veronica spicata. This is an unusual grouping and at least two of the species, Lychnis viscaria and Veronica spicata, have specialized mineral requirements which have been discussed elsewhere (Jarvis 1971 Table 3 shows the correlation coefficients calculated for data from the 9-30 cm zone. This table is largely a reflection of the gradients in base status over the site, with, for example, exchangeable Ca2+ being positively correlated with exchangeable Mg2+ and pH, and negatively correlated with exchangeable A13+. Organic matter accumulated as mor leads to acidification, and this process is reflected by the relationship of organic Table 2 Table 3 . No detailed analyses of the calcium carbonate content of Breidden soils were made, since preliminary field investigations indicated that there were detectable quantities in only a few isolated areas.
Soil chemistry of the plant communities
A number of species were present in all the sites sampled on Craig Breidden, for example Festuca ovina and Teucrium scorodonia: their abundance in a particular area is likely to be the result of competitive effects rather than changes in soil chemical conditions. In order to try to rationalize the groupings of other species some of the Table 1 is the distribution of calcicoles, statistical analyses (using unpaired t-tests) for the values of exchangeable Ca2+, exchangeable A13+ and pH for these soils were used to confirm the differences defined by floristic data alone. Although it is obviously difficult to separate the effects of these variables from each other and from those of other soil properties, some major differences between the groups are apparent. The largest significant differences are those between the two subgroups of group 1; exchangeable Ca2+ and pH are significantly higher and exchangeable A13+ significantly lower in group la than in group Ib (P<0'001). Similarly, exchangeable Ca2+ and pH are higher in group 1 than in group 2 (P<0.001 and P<0.01 respectively), whilst the concentration of exchangeable A13+ is markedly less (P<0-001). Group 3 overlaps group 2 more than group 1 in terms of floristics (Table  1 ) and the mean values of Ca2+, pH and A13+ for groups 2 and 3 are very similar. Although the differences indicated above are considerable, it is impossible to isolate a single chemical factor that controls plant distribution on Craig Breidden by this technique since there are correlations between all the above variables and others not included in the above analysis. However, the sorting technique did establish basic vegetation types purely on a sociological basis and this pattern of variation coincided with the pattern of variation in soil chemical properties.
Rooting profiles
Profiles of roots of individual calcicole and calcifuge species growing in chalk heath have recently been described by Grubb et al. (1969) and similar diagrams are shown in this study of the behaviour of roots of plants in the major communities described above (groups 1 and 2). Each drawing is based on field sketches made from one site, but each includes general features from other similar sites. In each profile measurements of pH were made in the field with a portable pH meter, and in the case of the first profile, other soil properties were measured later: all these data are shown in Table 5 . Fig. 1 shows the profile of a deep soil formed on stabilized scree in a gully site, on which Calluna vulgaris, Geranium sanguineum and Helianthemum chamaecistus were growing, whilst Fig. 2(a,b) show the rooting systems of plants in shallower soils (group 2) with (a) Erica cinerea and Helianthemum chamaecistus and (b) Calluna vulgaris, Helianthemum chamaecistus and Ulex europaeus regenerating side by side.
Profile 1 (Fig. 1) has a litter layer composed, in the main, of remains of Calluna vulgaris and Dicranum scoparium. Organic matter content decreases down the profile from 15-0% at 5 cm to 6-6% at 70 cm. Below the litter layer there is a leached zone (0-25 cm) in which the pH is low (4-9-5-1) and in which there is a high concentration of exchangeable A13+ (Table 5 ). The concentration of calcium increases with depth, but exchangeable Na+ and Mg2+ are constant throughout the profile. Exchangeable K+ levels are high in the upper zone (0-15 cm) and decrease markedly with depth. A similar distribution of potassium has been described by Balme (1953) and it is probable that the raised levels at the soil surface in both situations are the result of the removal, and the subsequent transfer upwards, of K+ from the lower soil zones by plants. The roots of Calluna are most abundant in the upper leached zone and display features described by Gimingham (1960) upper layer. Numerous tufts of smaller roots are also present in this layer and in the humus layer above it. The roots of the other two species exploit the profile fully, although those of Geranium sanguineum tend to go deeper than those of Helianthemum chamaecistus.
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The other two profiles (Fig. 2a,b) , on shallow, acidic soils include only one calcicole species, H. chamaecistus. The Calluna bush shown in Fig. 2(b) had had a considerable effect on the pH of the adjacent soil (cf. Grubb et al. 1969 ); pH of the surface soil increased from 3-9 near the centre of the bush to 4-8 at a distance of 200 cm from the plant. There is also an obvious increase of pH with depth underneath the bush (Table 5) (ii) Calcicoles such as G. sanguineum and Origanum vulgare can apparently regenerate and grow in soil of pH 4-9, whilst Helianthemum chamaecistus is found on soils with pH as low as 4-4.
(iii) There is a considerable influence from the litter of certain species on the chemistry of the soil.
Species distribution in relation to soil properties
The most distinctive floristic group on Breidden (group l a) was associated with soil properties strikingly different from those associated with the other plant communities. The species that characterize the group (Chrysanthemum leucanthemum, Fragaria vesca, Geranium sanguineum, Origanum vulgare, etc.) are species usually found on soils which are calcareous, or which contain high concentrations of alkaline earth cations: some of these species have been used in laboratory studies as examples of calcicoles, e.g. Origanum vulgare (Jefferies & Willis 1964) . If the quadrats in Table 1 are ordered in terms of soil properties, it is found that, at the point where the group 1 a species fail, there is a marked change in soil pH, exchangeable Ca2+ and exchangeable Al3+. Rorison (1960b) Many of the other species contained within the body of group 1 are those which usually display a wide tolerance of soil pH (e.g. Potentilla sterilis, Solidago virgaurea, Viola riviniana, etc.), although there is a tendency for them to be plants of mesotrophic rather than oligotrophic conditions. Hypericum pulchrum is a possible exception since it is generally recognized as being a true calcifuge species.
The other main community has a large component of winter annual species, Aira praecox, Cerastium semidecandrum, Teesdalia nudicaulis, etc. This grouping has a pH range (4-3-5-1) that is similar to that described by Newman (1964) 
SUMMARY
Craig Breidden, a dolerite outcrop with extensive cliffs and screes, possesses a unique flora which comprises not only rare species but also unusual assemblages of plants (calcicoles and calcifuges). The complex vegetation of the south and west cliffs was differentiated (using a traditional phytosociological sorting system) into two major groups, a woodland edge community and a community of shallow soils containing winter annual species: a third grouping containing Lychnis viscaria and Veronica spicata overlapped the first two. The pattern of variation described phytosociologically coincided with the pattern of variation in soil chemical properties; changes in pH, exchangeable Ca2+ and exchangeable A13+ were associated with marked changes in species distribution. Rooting profiles of the situations in which mixing of calcicoles and calcifuges occurred showed that the roots of calcifuges in most areas of Breidden were concentrated into upper leached horizons. It was suggested that the mid-range of pH of Breidden soils, the high exchangeable K+ levels (relative to Ca2+ levels) and favourable physical environmental conditions were jointly responsible for the maintenance of the mixed community.
